SUMMARY : The defense mechanism against plague infection in mice was correlated with transferrin or other iron-chelating proteins, since the resistance to infection was lowered by administration of iron drug (Blutal).
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This conclusion was drawn from several experiments designed to see the outcome of infection caused by administration of an attenuated plague strain EV and Blutal in various route combinations. The present study was undertaken to confirm and extend our previous observations and to provide data on experimental mouse plague by various route combinations of infection and iron administration.
MATERIALS AND METHODS
Bacteria, media, iron drug, mice, preparation of histopathological specimens, injection and viable count: These materials and methods used in this study were the 229 WAKE et al.
same as previously described (Wake, Morita and Yamamoto, 1972) . Fraction I (FI)-specific rabbit antiserum: Rabbits were intravenously immunized 10 times with 108 live organisms of an FT-rich attenuated plague live strain A1122 at 4 or 5-day intervals.
After bleeding, the separated serum was twice absorbed with 1010 live organisms of Fl-less mutant plague strain MII40 . The single precipitin line on Ouchterlony's agar gel diffusion plates between the absorbed serum and a dialysed saline suspension of A1122 acetone-dried powder or the standard FT-preparation showed the FT specificity of the serum.
Carbon particles : A special preparation (preparation 4006 Gunther Wagner , Pelican-Werke, Hannover, Germany) of india ink was used according to the method of Cruchaud (1968) and that of Sabet and Friedman (1969) . It contained 10% carbon , 4.3% fish glue, and a small amount of phenol. Carbon particles had an average size of 250A. b Ip Blutal injection was started from the day of EV challenge and repeated daily the indicated times. C One-tenth ml of a 10-fold saline dilution was injected once on the day of EV challenge . a One-tenth ml of Blutal was injected intraperitoneally into mice everyday for six successive days from the day of EV challenge. b EV challenge dose : determined from average colony-forming units on 5 BHIA plates each spread with 0.1 ml of one of serial 10-fold dilutions and incubated for 3 days at 27 C. Quantity of Fe : that contained in a 0.1-m1 dose of Blutal.
RESULTS

Effect of ip
relationships, except the one in which 9 of 20 mice were killed by 11 CFU. The results were somewhat different from those obtained in our previous study (Wake, Morita and Yamamoto, 1972 a Colony-forming units were determined as in Table II . Two-tenth ml of 10-fold serial dilutions of EV suspended in Blutal itself was injected subcutaneously into each mouse. b The given colony-forming units of EV suspended in 0 .2 ml saline were injected. 6th day of EV-Blutal injection.
All deaths occurred suddenly thereafter; all mice were killed within 4 days. (Table  IV) .
Statistical Aspect of the Death Courses of the ip-ip, ip-sc and sc-sc Combinations
These survived mice were disregarded and the mean survival times (in day) and variances (anti-log value) were computed from the deaths in each group. As shown in Table IV , the average survival time in Group I was 2.71 days shorter than that in Group II, but these groups gave similar values of variances (0.329 and 0.363). These values were also similar to those obtained in other infection experiments using a highly virulent strain Yreka without supplementation of Blutal given by the same procedures (Group IV and V in Table IV) . Contrastedly, Group III gave a smaller value of variance, 0.128. When Table IV no significant difference was obtained among Groups I,. II, IV and V, whereas the variance in Group III alone had a significant difference from others. 
Differences in Population of EV Organisms Recovered from Various Tissues of Dead Mice
Pathogenesis of mouse plague might be reflected by distribution of plague organisms within the host tissues (Surgalla and Beeseley, 1971) . So, all carcasses found fresh in the preceding experiment were autopsied; the numbers of EV organisms within the liver, spleen, lung and local skin site were compared from one group to another. Brain heart infusion agar plates were smeared uniformly with cut surfaces of the tissues. After 3 days' incubation at 27 C, EV organisms grew in typical colonies or sheets. There was a little contamination in many cases; the contaminated plates were excluded from the data ( Table V) . Identification of EV was performed by the slide agglutination test with specific anti-Fraction I rabbit serum. As Table V shows, fewer organisms were recovered from the internal organs than the skin or the site of injection in most animals in Group III. This may suggest that Blutal stimulated the EV growth principally in the skin. On the contrary, the plates receiving skin smears from the mice of the ip-sc combination not infrequently gave colonial EV growth in countable numbers, and most of those receiving internal organ smears, confluent growths. When EV was injected intraperitoneally together with Blutal, confluent growths resulted in all plates from smears of all the tissues tested.
Differences in Histopathological Changes
Another possible way to reveal different pathogenesis would be the comparison of histopathological changes of the organs taken from the mice died from Blutal- (Fig. 2) . The main changes in the livers were parenchymal necrosis, granulomas, tubercles and cellular infiltrations, like those found in the mouse infected with a virulent strain. On the contrary, perivascular localization of similar changes was characteristic in the liver from the mice of the sc-sc combination group (Fig. 2) . Bacterial clumps were rare in those specimens of the both tissues. Such changes resembled those caused by the administration of EV organisms into mice (Morita, Wake and Yamamoto, 1970) .
The Effect o f the RES Blockade on the E V Infection
The reticuloendothelial system has been recognized to function as a host defense mechanism against various infectious agents. Our previous report (Wake, Morita and Yamamoto, 1972) concluded that Blutal interferes with the host defense mechanism from the postulation that the iron-combining activity of transf errin or other ironchelating proteins could constitute themselves as a host defense mechanism, which in turn interferes with iron-aquisition by the bacteria. In this connection, the effect of RES-blockade with carbon particles on EV mouse infection was compared with that of Blutal ip administration to see whether both the above-mentioned defense mechanisms would be responsible for our previous results.
Three groups of 10 mice were injected intraperitoneally and other two groups subcutaneously with 2.7 X 103 organisms of EV. Among these groups, one group each of the different injection route groups received two daily ip administrations each with 0.4 mg Fe Blutal or 10 mg carbon equivalent of India ink. Another group from each was treated similarly by six daily administrations.
The remaining one group served as a control without Blutal or carbon treatment.
To check the toxic effect of carbon, each of other 10 animals received 10 mg carbon six times daily. Table VI shows deaths occurred during 14 days observation.
Among the carbon-treated mice, only one of the mice having received EV ip challenge died, whereas five of EV ip challenged and six of EV sc challenged mice were killed with the help of Blutal. Table II . Each dose was suspended in 0.2-ml saline. b Quantity of carbon in 0 .1 ml of India ink and that of Fe in the same volume of Blutal. c The number of daily ip injections each with the given dose from the day of EV challenge.
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DISCUSSION
In our preceding report (Wake, Yamamoto and Morita, 1972) , we attributed the effect of iron in inducing mouse plague with an attenuated strain EV to the interference with the host defense mechanism. This report was cited by Kochan (1973) in his review. He tried to itematize various host defense mechanisms which Blutal may possibly interfere with if our explanation is valid. He presented many evidences to deny the possibilities that the iron treatment interferes with either mobilization and ingestive activities of the phagocytic cells, antibody production, the increase of the toxicity of dead organisms or complement fixation by antigen-antibody complexes. It is clear that all of these evidences do not contradict our explanation, because we already mentioned the possibility that intraperitoneally injected ionic iron would be absorbed into the blood stream to combine with the iron-unsaturated portion of transferrin and other iron-chelating proteins.
It has widely been recognized that those proteins within the host constitute a defense mechanism (Kochan, 1973) . Furthermore, we presented evidences of the growth-stimulating effect of Blutal on EV organisms in vitro and in guinea pig skin (Tsukano, Yamamoto and Wake, 1972) . Thus both of these effects of iron, viz, interference with the host-defense mechanism and the direct growth stimulation, can be expected in the host-parasite and iron interrelationships.
The present study suggested that either one or both of these effects of iron could be amplified if the iron drug was administered through an appropriate route in relation to the inoculation site of EV organisms. In fact, the iron-treated animals succumbed to infection with an attenuated plague strain EV. In this connection, some difference in the virulence expression would be conceivable between the attenuated plague and Mycobacterium tuberculosis strains, as Kochan (1973) postulated that the irontreated animal might be expected to succumb to infection with an avirulent strain, if the activity of iron had been neutralized the resistance of the host.
As shown in Fig. 1 , the combination of ip-ip injections of Blutal and EV organisms gave the most acute fatal outcomes of mice among all the combinations. Because the peritoneal cavity is rich in the capillary blood vessels, the Blutal-iron would enter them and saturate the total transferrin and other iron-chelating proteins in the body. Thus the expected result would be, on one hand, neutralization of their activities in the host defense mechanism. On the other hand, the growth of the intraperitoneal EV organisms would be stimulated with the nearby iron. All these circumstances would cause the most acute and relatively reproducible fatal outcomes of mice.
In the mouse group receiving the combination of sc injection of EV and ip administration of Blutal, the growth-stimulating effect of iron on EV organisms through direct contact would be minimum, because the inoculation sites of the both agents are different. In spite of this, the intraperitoneally injected Blutal would give its iron into the blood circulation as mentioned above. Thus, the activity of transf errin and other iron-chelating proteins as the host defense mechanism would be interfered with resulting into fluctuative and relatively few deaths as shown in Fig. 1 . The extent of iron saturation of transf errin and other iron-chelating proteins within the host would influence the final result of outcomes. A similar speculation has been presented by Hallet, Isaacson and Meyer (1973) to explain the different sensitivities of monkeys against plague.
It is noteworthy that the ip-ip and ip-sc combinations gave similar results as was the case with virulent plague infection of iron-nontreated mice (Tables IV and V, Fig. 2). This suggests the possibility that the natural virulence of plague organisms is closely related with the role of iron in the host-parasite relationship. The histopathological pictures of the liver and spleen of the mouse receiving subcutaneously EV organisms together with Blutal were similar to those of the mice infected with an attenuated plague strain EV (Morita, Wake and Yamamoto, 1970) . As shown in Table V , only relatively a small number of EV organisms were distributed in the internal organs of the animals of this group. According to the evidence showing that Blutal has a growth-stimulating effect on EV organisms within the animal skin (Tsukano, Yamamoto and Wake, 1972) , it is conceivable that a large number of EV organisms remained at the inoculation site. Experimental results presented in Table V also showed a similar tendency. Such toxic substances as murine toxin and endotoxin produced by these accumulated organisms should have played a roll in killing the mice within a short period. The time lag before the rapid deaths of most mice in this group should have been necessary for the organisms to multiply. We assumed a similar mechanism to explain the histopathological changes in the livers and spleens of mice infected with live attenuated strain EV without Blutal (Morita, Wake and Yamamoto, 1970) .
Among various defense mechanisms listed up by Kochan (1973) to deny the interference by iron, only the influence of injected Blutal on reticuloendothelial system was dealt with in this study. The result (Table VI) 
